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peatable to within ±3%, lack of strict proportionality between the 
measured values and the actual amounts of nitrogen adsorbed may 
be suspected, perhaps because of the thermal diffusion effect of 
nitrogen. The magnitude of this effect increases, and the accuracy 
and precision of the measurements decrease, with decreasing spe- 
cific surface area of the powder specimen. Under these circumstan- 
ces, and especially if the surface area of the powder sample is less 
than 03 m 2 or. if the specific surface area of the powder sample is 
less than 0.5 m 2 g* 1 , as mentioned above, the thermal diffusion 
effect may be considerably reduced or eliminated by using an ad* 
sorbate gas that has a lower vapor pressure, such as krypton, instead 
of nitrogen. Since for krypton the saturated vapor pressure at 77 K 
is only 2.63 mm of mercury, the required mole fractions of krypton 
in the three mixtures of krypton with helium are less than those of 
nitrogen in its mixtures with helium by a factor of 2.63 /760 ** 
0.00346. Since the cross-sectional area of the krypton molecule is 
not well defined, it is recommended that die standard value, a *= 
0.195 run 3 , be used in equation (2) when calculating the specific 
surface area, and thai the name of the adsorbate gas employed be 
stated, if it is not nitrogen, when reporting the value of the specific 
surface area. 


METHOD II — THE 
VOLUMETRIC METHOD 

Principles of the Method — In the volumetric method, the rec- 
ommended adsorbate gas is nitrogen which is admitted into the 
evacuated space above the previously outgassed powder sample to 
give a defined equilibrium pressure, P, of the gas. The use of a 
diluent gas. such as helium, is therefore unnecessary, although he- 
lium may be employed for other purposes, such as to measure the 
void volume. Since only pure adsorbate gas, instead of a gas mix- 
cure, is employed, interfering effects of thermal diffusion are 
avoided in this method. Consequently, the use of an adsorbate gas 
possessing a low vapor pressure at 77 K, such as krypton, is un- 
necessary. Some instruments employ a balance tube to offset the 
effects of free space, thermal gradients, and non-ideal gas behavior. 
Other instruments claim other advantages. The use of equipment 
from any particular manufacturer is not specifically endorsed. 

The volume of nitrogen admitted into the sample tube to give 
the equilibrium pressure, P, is equal to the sum of the volume of 
gas actually adsorbed, V, plus the volume of gas in the free space 
around and above the sample, V f1 which must be cither corrected 
for by suitable adjustment of the instrument or balanced out. V is 
then converted by the following equation to the volume, V -t occu- 
pied by the same amount of gas at standard temperature and pres- 
sure (STP, 273.15 K and 760 mm of mercury); 


V. = [v*BX (273.15 K)] J 
[t x (760 mm Hg)]. 


(5) 

Several instruments automatically perform die above measurements 
and computations. The instrument manual should always be con- 
suited for guidance and for a complete description of the procedures 
for data acquisition and computation. A value of V. is measured at 
each of not less than three values of Pi P 0 , and the data are plotted 
so as to provide a value of the specific surface area as described 
above under Introduction. 

Procedure— Accurately weigh a quantity of the test powder, 
such that the total surface area is at least 1 m 2 , if possible, in a 
tared gas adsorption tube. (To calculate an approximate value of 
the mass of the test powder to be taken, use equation (3).] Admit 
a small amount of dry nitrogen into the sample tube to prevent 
contamination of the clean surface, remove the sample tube, insert 
the stopper, and weigh it Calculate the weight of the sample. Attach 
the sample tube to the dynamic volumetric apparatus. Cautiously 
evacuate the sample down to a pressure of 0.02 mm of mercury or 
less. 

If the principle of operation of the instrument requires the deter- 
mination of the void volume in the sample tube, for example, by 
the admission of a nonadsorbed gas, such as helium, this procedure 
is carried out at this point, followed by evacuation of the sample 
down to 0.Q2 mm of mercury or less. The adsorption of nitrogen 
gas is then measured as described below. 

Raise a Dewar vessel containing liquid nitrogen at 77 K up to a 
defined point on the sample cell as directed under Method I. Admit 


a sufficient volume of nitrogen gas to give a relative pressure, PI 
P m% equal to 0.10 ± 0.02. Measure the volume adsorbed, V Repeat 
the measurement of V m at PI P m values of 0.20 ± 0.02 and 0J0 ± 
0.02. A minimum of three data points is required. Additional meas- 
urements may be carried out, especially on those rare occasions 
when nonlineariry is obtained bxzP/P 0 value close to OJ. Since 
nonlineariry is often obtained at PI P 9 at or below 0.05, values in 
this region are not recommended. The test for linearity, the treat* 
ment of the data, and die calculation of the specific surface area of 
the sample arc described above under Introduction. 

Single-point Measurement 

Normally, at least three measurements of each at a different 
value of PI P 0 > are required far the determination of specific surface 
area by Method I or Method IL However, under certain circum- 
stances it may be acceptable to determine the specific surface area 
of a powder from a single value of V m measured at a single value 
of PfP m , such as 0.300 (corresponding to 0.300 mole of nitrogen 
or 0.001038 mole fraction of krypton), using the following equation 
for calculating V^l 


(6) 


The specific surface area is calculated from the value of V m by 
equation (2) stated above. 

The single-point method may be employed directly for a series 
of powder samples of a given material for which the material con- 
stant, C, is much greater than unity. This circumstance may be 
verified by comparing values of specific surface area determined by 
the single-point method with that determined by the multiple-point 
method for the series of powder samples. Close similarity between 
the single-point values and multiple-point values suggests that 1 / 
C approaches zero. 

Tnc single-point method may be employed indirectly for a series 
of very similar powder samples of a given material for which the 
material constant, C, is not infinite but may be assumed to be in- 
variant. Under this circumstance, the error associated with the sin- 
gle-point method can be reduced or eliminated by using the mul- 
tiple-point method to evaluate C for one of the samples of the series 
from die BET plot, from which C is calculated as (1 + slope/ 
intercept). Then V m is calculated from the single value of V m mea- 
sured at a single value of PIP. by the equation: 


(7) 


The specific surface area is calculated from V m by equation (2) 
stated above. 


(851) SPECTROPHOTOMETRY 
AND LIGHT-SCATTERING 


ULTRAVIOLET, VISIBLE, INFRARED, ATOMIC 
ABSORPTION, FLUORESCENCE, TURBIDIMETOY, 
NEPHELOMETRY, AND RAMAN MEASUREMENT 

Absorption spectrophotometry is the measurement of an interac- 
tion between electromagnetic radiation and the molecules* or atoms, 
of a chemical substance. Techniques frequently employed in phar- 
maceutical analysis include ultraviolet, visible infrared and atomic 
absorption spectroscopy. Spectrophotometry measurement in the 
visible region was formerly referred to as colorimetry; however, it 
is more precise to use the term "colorimetry" only when consid- 
ering human perception of color. 

Fluorescence spectrophotometry is the measurement of the emis- 
sion of light from a chemical substance while it is being exposed 
to ultraviolet, visible, or other electromagnetic radiation. In general, 
the light emitted by a fluorescent solution is of maximum intensity 
at a wavelength longer than thai of the exciting radiation, usually 
by some 20 to 30 nm. 

Ughs-scattering involves measurement of the light scattered be- 
cause of subnucroscopic optical density inhomogencitics of solu- 


MSP 24 


Physical Tests I (851) Spectrophotometry and Ligbt-scattermg 1993 


.lions and is useful in the determination of weight-average molecular 
weights °f polydisperse systems in the molecular weight range from 
"rlOOO to several hundred million. Two such tcchniaues utilized in 
pharmaceutical analysis arc turbidimetry and nephelometry: 

Soman spectroscopy (inelasdc light-scattering) is a light-scatter- 
ing process in which the specimen under cxarnination is irradiated 
with intense monochromatic light (usually laser light) and the light 
scattered from the specimen is analyzed for frequency shifts.. 

- The wavelength range available for these measurements extends 
from the short wavelengths of the ultraviolet through the infrared 

, : ppr convenience of reference, this spectral range is roughly divided 
• Into the ultraviolet (190 to 380 nm), the visible (380 to" 780 nm). 
'the near-infrared (780 to 3000 nm). and the infrared (2.5 to 40 ujn 
' or 4000 to 250 cnr 1 ). 

Comparative Utility of Spectral Ranges 

' For many pharmaceutical substances, measurements can be made 
in the ultraviolet and visible regions of the spectrum with greater 
accuracy and sensitivity than in the near?infrared and infrared. 
When solutions arc observed in 1-cm cells, concentrations of about 
10 fig of the specimen per rnL pften will produce absorbanccs of 
02 to 0.8 in the ultraviolet or the visible region. In the infrared and 
p near-infrared. concentrations of 1 to 10 xng per 'rnL and up .to 100 
,V;mg per mL, respectively, may be needed to produce sufficient ab- 
sorption; for these spectral ranges, cell lengths of from 0.01 mm to 
;•. Upwards of 3 mm are commonly used. 

> . * The ultraviolet and visible spectra of substances generally do not 
fc/jtiave a high degree of specificity. Nevertheless, they arc highly suit- 
='-, -able for quantitative assays, and for many. substances they are useful 
£.<;. /as additional means of identification. 

- .There has been increasing interest in the use of near-infrared 
Spectroscopy in pharmaceutical analysis, especially for rapid iden- 
tification of large numbers of samples, and also 'for- -water 
^determination. 

'• : The near-infrared region is especially suitable for the determi- 
nation of — OH and — NH groups, such as water in alcohol, — OH 
,.,.M the presence of amines, alcohols in hydrocarbons, and primary 
-|V .-and secondary amines in the presence of tertiary amines. 
r & i The infrared spectrum is unique for any given chemical corn- 
-jjiji.] pound with the exception of optical isomers; which have identical 
^'spectra. However, polymorphism may occasionally be responsible 
>Mvfbr a difference in the infrared spectrum of a given compound in 
^..the solid state. Frequently, small differences in structure result in 
% - significant differences In the spectra. Because of the large number 
%of maxima in an infrared absorption spectrum, it is sometimes pos- 
Vjsibie to measure quantitatively the individual components of a mix- 
i^ture of known qualitative composition without prior separation,- 

The Raman spectrum and the infrared spectrum provide similar 
: jdata, although the intensities of the spectra are governed by. differ^ 
feat molecular properties. Raman and infrared spectroscopy exhibit 
^different relative sensitivities for different functional groups, <s,g„ 
^ftanian. spectroscopy is particularly sensitive to C— S and C — G 
fejpultlple bonds, and some aromatic compounds are more easily 
^^Klentjfied by means of their Raman spectra. Water has .a highly 
Inten se infrared absorption spectrum, but a particularly weak Raman 
^spectrum. Therefore, water has only limited infrared '^windows" 
"lar can be used to examine aqueous solutes, while its Raman spec- 
orn is almost completely transparent and useful for solute, identi- 
fication. The two major limitations of Raman spectroscopy are that 
*pe minimum detectable concentration of specimen is typically I0r J 
Tto 10~ 3 M and that the impurities in many substances fluoresce 
^interfere with the detection of the Raman scattered signal. 
. Optical reflectance measurements provide spectral information 
!£flar to, that obtained by transmission measurements. Sfnce rer 
mce measurements probe only the surface composition of the 
men, difficulties associated with the optical thickness and. the 
-scattering properties of the substance are eflrranated. Thus,, re* 
lI *ec measurements are frequently more simple to perform on 
fely absorbing materials. A particularly common technique 
d jj*" infrared reflectance measurements is termed attenuated to- 
ftnectance (ATR), also known as multiple internal reflectance 
H*). In the ATR technique, the beam of the infrared spectrometer 
g^ed through an appropriate infrared window material (eg., 
ufrl f TlBr " TlT eutectic mixture), which is cut at such an angle 
r r 1 * Infrared, beam enters the first (front) surface of the window, 
u tofetty reflecied when it impinges on the second (back) sur- 


face (i.e., the angle of Incidence of the radiation upon the second 
surface of the window exce e ds the critical angle for that material). 
By appropriate window construction, it is possible: to have many 
internal reflections of the infrared beam before it is transmitted out 
of the window, if a specimen is placed in close contact with the 
window along the sides that totally reflect the infrared beam, the 
intensity of reflected radiation is reduced at each wavelength (fre- 
quency) that the specimen absorbs. Thus, the ATR technique pro- 
vides a reflectance spectrum mat has been increased in intensity, 
when compared to a simple reflectance measurement, by the number 
of rimes that the infrared beam is reflected within the window. The 
ATR technique provides excellent sensitivity, but it yields poor re- 
producibility, and is not a reliable quantitative technique unless an 
internal standard is intimately mixed with each test specimen. 

Fluorescence spectrophotometry is often more sensitive than ab- 
sorption spectrophotometry. In absorption measurements, the spec- 
imen transmittance is compared to that of a blank: and at low con- 11 
centrations, both solutions give high signals. Conversely, in 
fluorescence spectrophotometry, the solvent blank has low rather 
than high output, so that the background radiation that may Interfere 
with determinations at low concentrations is much less. Whereas 
few compounds can be determined conveniently at concentrations 
below 10" 5 hd by light absorption, it is not unusual to employ con- 
centrations of 10~ 7 Af to 10"* Af in fluorescence spectrophotometry. 

Theory and Terms 

The power of a radiant beam decreases in relation to the distance 
that it travels through an absorbing medium. It also decreases in 
relation to the concentration of absorbing molecules or ions en- 
countered in that medium. These two factors determine the propor- 
tion of the total incident energy that emerge. The decrease in power 
of monochromatic radiation passing through a homogeneous ab- 
sorbing medium is stated quantitatively by Beer's law, log lo (l/7) 
= A = abc f in which the terms arc as defined below, 

Absorbance [Symbol: A] — The logarithm, to the base 10, of the 
reciprocal of the transmittance (7). (Note — Descriptive terms used 
formerly include optical density; absorbancy; and extinction.] . 

Absorptivity [Symbol: a] — The quotient of the absorbance. (A) 
divided by the product of the conccnttation of the substance '(c). 
expressed in grams per liter, and the absorption path length (b) in 
cm. [Note — It is not to be confused with absorbancy index: specific 
extinction; or extinction coefficient.) 

* Molar Absorptivity [Symbol: e] — The quotient of the absorbance 
(A) divided by the product of die concentration, expressed: in moles 
per liter, of the substance and the absorption path length in cm. It 
is also the product of the absorptivity (a) and the molecular weight 
of the substance. [Note— Terms formerly used include molar ab- 
sorbancy index; molar extinction coefficient; and molar absorption 
coefficient.] 

For most systems used in absorption spectrophotometry, the ab- 
sorptivity of a substance is a constant independent of the intensity 
of the incident radiation, the internal cell length, and the concen- 
tration, with the result that concentration may be determined 
photometrically. 

Beer's law gives no indication of the effect of temperature; wave- 
length, or the type of solvent. For most analytical** work the effects 
of normal variation in temperature are negligible. 

Deviations from Beer's law may be caused by either chemical or 
instrumental variables. Apparent failure of Beer's law may result 
from a concentration change in solute molecules because of asso- 
ciation between solute molecules or between solute and solvent 
molecules, or dissociation or ionization. Other deviations might be 
caused by instrumental effects such as polychromatic radiation, slit- 
width effects, or stray light. 

Even at a Axed temperature in a given solvent, the absorptivity 
may not be truly constant. However, in the case of specimens hav- 
ing only one absorbing component, it is not necessary that the ab- 
sorbing system conform to Beer's law for nsc in quantitative anal- 
ysis. The concentration of an unknown may be found by 
comparison with an experimentally determined standard curve. 

Although, in the strictest sense, Beer's law does not hold in 
atomic absorption spectrophotometry because of die lack of quan- 
titative properties of the cell length and the concentration, the ab- 
sorption processes taking place in the flame under conditions of 
reproducible aspiration do follow the Beer relationship in principle. 
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Specifically, the negative log of the transrnittance, or the absorb- 
ancc. is directly proportional to the absorption coefficient, and, con- 
sequently, is proportional to the number of absorbing atoms. On 
this basis, calibration curves may be constructed to permit evalua- 
tion of unknown absorption values in terms of concentration of the 
element in solution. 

Absorption Spectrum — A graphic representation of absorbancc, 
or any function of absorbance, plotted against wavelength or func- 
tion of wavelength. 

Transmittance [Symbol: 7] — The quotient of the radiant power 
transmitted by a specimen divided by the radiant power incident 
upon the specimen. [NOTE — Terms formerly used include trans- 
mittancy and transmission.] 

Fluorescence Intensity [Symbol: J] — An empirical expression of 
fluorescence activity, commonly given in terms of arbitrary units 
proportional to detector response. The fluorescence emission spec- 
trum is a graphical presentation of the spectral distribution of ra- 
diation emitted by an activated substance, showing intensity of 
emitted radiation as ordinate, and wavelength as abscissa. The JZu- 
orescence excitation spectrum is a graphical presentation of the ac- 
tivation spectrum, showing intensity of radiation emitted by an ac- 
tivated substance as ordinate, and wavelength of the Incident 
(activating) radiation as abscissa. As in absorption spectrophotom- 
etry, the important regions of the electromagnetic spectrum encom- 
passed by the fluorescence of organic compounds are the ultraviolet, 
visible, and near-infrared, i.e., the region from 250 to 800 nm, After 
a molecule has absorbed radiation, die energy can be lost as heat 
or released in the form of radiation of the same or longer wave- 
length as the absorbed radiation. Both absorption and emission of 
radiation arc due to the transitions of electrons between different 
energy levels, or orbitals, of the molecule. There is a time delay 
between die absorption and emission of light; this interval, the du- 
ration of the excited state, has been measured to be about 10** 
second to 10~' second for most organic fluorescent solutions. The 
short lifetime of fluorescence distinguishes this type of lumines- 
cence from phosphorescence, which is a long-lived afterglow hav- 
ing a lifetime of 10 -i second up to several minutes. 

Turbidance [Symbol: 5]— The light-scattering effect of sus- 
pended particles. The amount of suspended matter may be measured 
by observation of cither the transmitted light (turbidimerry) or the 
scattered light (nephelometry). 

Turbidity [Symbol: t] — In light-scattering measurements, the tur- 
bidity is the measure of the decrease in incident beam intensity per 
unit length of a given suspension. 

Raman scattering activity— The molecular property On units of 
cm* per g) governing the intensity of an observed Raman band for 
a randomly oriented specimen. The scattering activity is determined 
from die derivative of the molecular polarizability with respect to 
the molecular motion giving rise to the Raman shifted band. In 
general, the Raman band intensity is linearly proportional to the 
concentration of the analyte. 

Use of Reference Standards 

With few exceptions, the Pharmacopeial spectrophotometric tests 
and assays call for comparison against a USP Reference Standard. 
This is to ensure measurement under conditions identical for the 
test specimen and the reference substance. These conditions include 
wavelength setting, slit-width adjustment, cell placement and cor- 
rection, and transrnittance levels. It should be noted thai cells ex* 
hibiting identical transrnittance at a given wavelength may differ 
considerably in transrnittance at other wavelengths. Appropriate cell 
corrections should be established and used where required. 

The expressions, "similar preparation" and "tinnlar solution/; 
as used in tests and assays involving spectrophotometry, indicate 
that the reference specimen, generally a USP Reference Standard, 
is to be prepared and observed in a manner identical for all practical 
purposes to that used for the test specimen. Usually in making up 
the solution of the specified Reference Standard, a solution of about 
(i.e., within 10%) the desired concentration is prepared and the ab- 
sorptivity is calculated on the tSsis of the exact amount weighed 
out; if a previously dried specimen of the Reference Standard has 
not been used, the absorptivity is calculated on the anhydrous basis. 

The expressions, * 'concomitantly determine* * and "concomi- 
tantly measured,' 1 as used in tests and assays involving spectro- 


photometry, indicate that the ahsorbanccs of both the solution con- 
taining the test specimen and the solution containing the reference 
specimen, relative to the specified test blank, are to be measured in 
immediate succession. 

Apparatus 

Many types of spectrophotometers are available. Fundamentally, 
most types, except those used for infrared spectrophotornetry, pro- 
vide for passing essentially monochromatic radiant energy through 
a specimen in suitable form, and measuring the intensity of the 
fraction thai is transmitted, Fourier transform infrared spectropho- 
tometers use an tnterferomctric technique whereby polychromatic 
radiation passes through the analyte and onto a detector on an in- 
tensity and time basis. Ultraviolet, visible, and dispersive infrared 
spectrophotometers comprise an energy source, a dispersing device 
(e.g^ a prism or grating), slits for selecting the wavelength band, a 
cell or holder for the test specimen, a detector of radiant energy, 
and associated amplifiers and measuring devices. In diode array 
spectrophotometers, the energy from the source is passed through 
the test specimen and then dispersed via a grating onto several 
hundred light-sensitive diodes, each of which in turn develops a 
signal proportional to the number of photons at its small wavelength 
interval: these signals then may be computed at rapid chosen inter- 
vals to represent a complete spectrum. Fourier transform infrared 
systems utilize an interferometer instead of a dispersing device and 
a digital computer to process the spectral data. Some instruments 
are manually operated, whereas others are equipped for automatic 
and continuous recording. Instruments that are interfaced to a digital 
computer have the capabilities also of co-adding and storing spectra, 
performing spectral comparisons, and performing difference spec- 
troscopy (accomplished with the use of a digital absorbancc sub- 
traction method). 

Instruments are available for use in the visible: in the visible and 
ultraviolet; in the visible, ultraviolet, and near-infrared; and in the 
infrared regions of the spectrum. Choice of the type of spectropho- 
tometric analysis and of the instrument to be used depends upon 
factors such as the composition and amount of available test spec- 
imen, the degree of accuracy, sensitivity, and selectivity desired, 
and the manner in which the specimen is handled. 

The apparatus used in atomic absorption spectrophotometry has 
several unique features. For each clement to be determined, a spe- 
cific source that emits the spectral line to be absorbed should be 
selected. The source is usually a hollow-cntbodc lamp, the cathode 
of which is designed to emit the desired radiation when excited. 
Since the radiation to be absorbed by the test s peci m en clement is 
usually of the same wavelength as that of its emission line, the 
element in the hollow-cathode lamp is the same as the element to 
be determined. The apparatus is equipped with an aspirator for in- 
troducing the test specimen into a flame, which is usually provided 
by air-acetylene, air-hydrogen, or, for refractory cases, nitrous ox- 
ide-acetylene. The flame, in effect, is a heated specimen chamber. 
A detector is used to read the signal from the chamber. Interfering 
radiation produced by the Qarnc during combustion may be negated 
by the use of a chopped source lamp signal of a definite frequency. 
The detector should be tuned to this alternating current frequency 
so that the direct current signal arising from the name is ignored. 
The detecting system, therefore, reads only the change in signal 
from the hollow-cathode source, which is directly proportional to 
the number of atoms to be determined in the test specimen. For 
Pharmacopeial purposes, apparatus that provides the readings di- 
rectly in absorbancc units is usually required. However, instruments 
providing readings hi percent transmission, percent absorption, or 
concentration may be used if the calculation formulas provided in 
the individual monographs ate revised as necessary to yield the 
required quantitative results. Percent absorption or percent trans- 
rnittance may be convened to absorbancc A, by the following two 
equations: 

A e 2 - log I0 (100 — % absorption) 
on 

A = 2 - log l0 (3> transrnittance). 

Depending upon the type of apparatus used, the readout device may 
be a meter, digital counter, recorder, or printer. Both single-beam 
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and double-beam instruments are commercially available, and either 
type is suitable. 

Measurement of fluorescence intensity can be made with a simple 

• • fikcrfluoromeier. Such an instrument consists of a radiation source. 
; ' a primary filter, a specimen chamber, a secondary filter, and a flu- 
" orescence detection system. In most such fluorometcrs, the detector 

is placed on an axis at 90* from that of the exciting beam. This 

• right-angle geometry permits the exciting radiation to pass through 
the test specimen and not contaminate the output signal received 
by the fluorescence detector. However, the detector unavoidably 
receives some of the exciting radiation as a result of the inherent 
scattering properties of the solutions themselves, or if dust or other 
soJids are present. Filters arc used to eliminate this residual scatter 
The primary filter selects short-wavdengtb radiation capable of ex- 
citing the test specimen, while the secondary filter is normally a 
sharp cut-off filter that allows the longer-wavelength finorescence 
co be transmitted but blocks the scattered excitation. 

Most fluorometers use photomultiplier tubes as detectors, many 
types of which arc available, each having special charaacristics 
with respect to spectral region of maximum sensitivity, gain, and 
electrical noise. The photocurrcnt is amplified and read out on a 
meter or recorder. 

A spectrofluorometer differs from a filter fiuorometer in thai fil- 
ters are replaced by monochromators, of dther the prism or the 
grating type. For analytical purposes, the spectrofluorometer is su- 
perior to the filter fluoromeicr in wavelength selectivity, flexibility 
and convenience in the same way in which a spectrophotometer is 
superior to a filter photometer. 

Many radiation sources are available. Mercury lamps are rela- 
tively stable and emit energy mainly at discrete wavelengths. Tung- 
sten lamps provide an energy continuum in the visible region. The 
high-pressure xenon arc lamp is often used in spect^fluwxmieiers 
because it is a high-intensity source that emits an energy continuum 
extending from the ultraviolet into the infrared. 

In spectrofluorometers, the monochromators are equipped with 
slits. A narrow sHt provides high resolution and spectral puritv 
while alarge slit sacrifices these for high sensitivity. Choice of sUt 
size is determined by the separation between exciting and cinittine 
wavelengths as well as the degree of sensitivity needed. ■ 
Specimen cells used in fluorescence measurements may be round 
tubes or rectangular cells similar to those used in absorption spec- 
trophotometry, except that they are polished on all four vertical 
sides. A convenient test specimen s&c is 2 to 3 mL, but some 
instruments can be fitted with small cells holding 100 to 300 aL. 
or with a capillary holder requiring an even smaller amount^ 
specimen. 

Ught-scattcring instruments arc available and consist in general 

° f a™ crciM ? la ?fc w * * f^ers for the strong green or blue fines, a 

£Sv ' * t Ct 0f ? < r u ? aI filter5 with tao »" transrnittance, and a 
sensitive photomuluplier to be mounted on an arm mat caS be ro- 

^ I???- w S J ) . ll J tion S* 1 and at fr°m -135° to 

o-to +135 0 by a dial outside the lighi-tight housing. Solution cells 
are of vanous shapes, such as square for measuring 90" scattering- 
^octagonal I for 45% 90% and 135* scattering; and cylinSfifr 
ft 6 1 ^Sies, Since the determination of molecular wright 

* EE??/ P ^ mea5Ure of * e difference in refractive index be- 

h diScV rc&aclonwtcr - 1S nceded » measure this small 
f ' ■ s™^™*? spcctf0meters »e following major components: a 

monorff™ h J ht '^V* to**** specimen; a (double) 
k S^™ 101 " 10 * speiae ^ the intense 

f . £t ft"""* iDd a 5uir ? bIc . "ght-deStion and amplified 
J : . S^^ man measurement is simple in that most specimens are 
C' S^ S in mclting-poim capillaries. Because^** 


and techniques of handling absorption cells, as well as instructions 
for operation. The following points require special emphasis. 
. « nismjmcnt for accuracy of calibration. Where a con- 
nnuous source of radiant energy is used, attention should be paid 
to both the wavelength and photometric scales; where a spectral 
lmc source is used, only the phmomctric scale need be checked, a 
number of sources of radiant energy have spectral lines of suitable 
mtensny, adequately spaced throughout the spectral range sdected. 
The best single source of ultraviolet and visible calibration spectra " 
is the quaru-mercury arc. of which die lines at 253 7 3023^ 
313.16. 33415, 365.48, 404.66, and 435.83 u^Ffi 
^Tl^^y ™ is «senxl above 300 nm. The 486.13-nm 

ana o£6.28-nm lines of a hydrogen discharge lamp may be used 
also. The wavelength scale may be calibrated also by means of 
suitable glass filters, which have useful absorption bands through 
tiic visible and ultraviolet regions. Standard glasses containing di- 
dymium (a mixture of praseodymium and neodymium) have been 
used widely, although glasses containing holmium were found to 
be superior. More recently, standard holmium oxide solution has 
superseded the use of holmium glass, 1 The wavelength scales of 
near-mfered and infrared spectrophotometers are readily checked 
by the use of absorption bands provided by polystyrene films,, car- 
bon dioxide, water vapor, or ammonia gas. 

For checking the photometric scale, a number of standard inor- 
ganic glass fillers as weD as standard solutions of fcnown transmit- 
avaSble^ potassium chr °mate or potassium dichromate arc 

Quantitative absorbance measurements usually are made on so- 
lunons of the substance in liquid-holding cells. Since both the sol- 
vent and the cell window absorb light, compensation must be made 
for their contribution to the measured absorbance. Matched cells are 
available commercially for ultraviolet and visible spectrophotome- 
try for which no cell correction is necessary. In infrared spectro- 
photometry, however, corrections for cell differences usually must 
be made. In such cases, pain of cdls arc filled with the sdected 
solvent and the difibrencc in their absorbances at the chosen wave- 
length is determined. The cell exhibiting the greater absorbance is 
used for the solution of the test specimen and the measured ab- 
sorbance is corrected by subtraction of the cell difrerence. 

With the use of a computerized Fourier transform infrared sys- 
tem, this correction need not be made, since the same cell can be 
used for both the solvent blank and the test solution: However it 
must be ascertained that the transmission properties of the cell are 
constant. 

Comparisons of a test specimen with a Reference Standard are 
best made at a peak of spectral absorption for the compound con- 
cerned. Assays prescribing spectrophotometry give the commonly 
accepted wavelength for peak spectral absorption of the substance 
in question. It is known that different spectrophotometers may show 
minor variation m the apparent wavdength of this peak. Good prac- 
tice demands that comparisons be made at the wavelength at which 
peak absorption occurs. Should this differ by more than ±1 nm 
from the wavelength spedfied in the individual monograph, re-cal- 
ibrauon of the instrument may be indicated. 

Test Prcpamriorh-For determinations udli2ing ultraviolet or vis- 
ible specn^photometry, the specimen generally is dissolved in a 
solvent. Unless otherwise directed in the monograph, determina- 
tions are made at room temperature using a path length of 3 cm. 
Many solvents arc suitable for these ranges, including water, alco- 


Procedurc 

^K^^^KilJ^.^ fw Spends 


am*,- 
!$|| 


niffcant ^TtSZ *P the manufacturers. To achieve sig- 

:*hS bfl, rr"^"] opemor of a «P^crrophotomeicr 
Jlfe ofts "mirations and of poientiafsour£s of error 
■ od sd^ L n - nt inslm « l0n nianuai should be followed dosdy 
sucti matters as care, deaning. and calibration of the instrument 


Certified holmium oxide solution, SRM #2034, (wavelength 
standard tern 240 to 650 nm) may be obtained from the National 
S ^?E ds «• Technology (MIST), Gaithersburg, MD 
• tlll^i 5 ? cctral Transmittance Characteristics of Holmium Oxide 
rerayoric Add," /. Res. NatL Bur. Stcb. 90, No. 2. JJ5 (2985) 
Certified holmium oxide glasses arc no longer available. Hoimjuni 
oxide filters, without certification, are available from Kopp Glass 
too, ftasburgh^ PA 15218. The performance of an uncertified filter 
should be checked against a certified standard. 
2 For further detail regarding checks on both the wavdength and 

^T^Ji^nU s PffF^ t0Jn S cer » reference may be made 
to the following N1ST pubheauons: SRM #931e "Liquid Absorb- 
ance Standard for UV and Vis Spectrophotometry/' 7. Res. NatL 
Bur^Sids. 76A, 405 and 469 {1972); SRM mot ^Glass raLrs for 
Spow>phoiometry-^far verification of the transmittance and ab- 

f , IiP£ clro P hoton3etI > r in ^ Y i«ble spectral domain 
(10%T, 20%T, 30%T)r N1ST Spec. PuhL 260-1 16 (1994). 
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hols, chloroform, lower hydrocarbons, ethers, and dilute solutions 
of strong acids and alkalies. Precautions should be taken to utilize 
solvents free from contaminants absorbing in the spectral region 
being used. It is usually advisable to use water-free methanol or 
alcohol, or alcohol denatured by the addition of methanol but not 
containing benzene or other interfering Impurities, as the solvent. 
Solvents of special spectrophorometric quality, guaranteed to be 
free from contaminants, are available conuncrcially from several 
sources. Some other analytical reagent-grade organic solvents may 
contain traces of impurities that absorb strongly in the ultraviolet 
region. New lots of these solvents should be checked for their trans- 
parency, and care should be taken to use the same lot of solvent 
for preparation of the test solution and the standard solution and 
for the blank. 

No solvent in appreciable thickness is completely transparent 
throughout the near-infrared and infrared spectrum. Carbon tetra- 
chloride (up to 5 mm in thickness) is practically transparent to 6 
pjn (1666 cm' 1 ). Carbon disulfide (1 mm in thickness) is suitable 
as a solvent to 40 |im (250 enr 1 ) with the exception -of the 4,2- 
M-m to 5.0-u.m (2381-cm- 1 to 2000-crrr 1 ) and the 5.5-pjn to 7.5- 
ftm (1819-cm* 1 to 1333-cm- 1 ) regions, where it has strong absorp- 
tion. Other solvents have relatively narrow regions of transparency. 
For infrared spectrophotometry, an additional qualification for a 
suitable solvent is thai it must not affect the material, usually so- 
dium chloride, of which the cell is made. The test specimen may 
also be prepared by dispersing the finely ground solid specimen in 
mineral oil or by mixing it intimately with previously dried alkali 
halide salt (usually potassium bromide). Mixtures with alkali halide 
salts may be examined directly or as transparent disks or pellets 
obtained by pressing the mixture in a die. Typical drying conditions 
for potassium bromide are 105° in vacuum for 12 hours, although 
grades are commercially available that require no drying. A mineral 
oil dispersion is preferable where dlsproportionation between the 
alkali halide and the test specimen is encountered. For suitable ma- 
terials the test specimen may be suspended neat as a thin him. For 
Raman spectrometry, most common solvents are suitable, and or- 
dinary (nonfluorcscing) glass specimen cells can be used. The in- 
frared region of the electromagnetic spectrum extends from 0.8 to 
400 fim. From 800 to 2500 nm (0.8 to 2.5 |un) is generally con- 
sidered to be the near-infrared (NIR) region; from 2^ to 25 pun 
(4000 to 400 cm"') is generally considered to be the mid-range 
(mid-IR) region; and from 25 to 400 jim is generally considered to 
be the far-infrared (far-IR) region. Unless otherwise specified in the 
individual monograph, the region from 3800 to 650 cm*' (2.6 to 
15 |im) should be used to ascertain compliance with monograph 
specifications for infrared absorption. 

Where values for infrared line spectra are given in an individual 
monograph, the letters s, m, and w signify strong, medium, and 
weak absorption, respectively: sh signifies a shoulder, bd signifies 
a band, and v means very. The values may vary as much as 0.1 p.m 
or 10 cm' 1 , depending upon the particular instrument used. Poly- 
morphism gives rise to variations in the infrared spectra of many 
compounds in the solid state. Therefore, when conducting infrared 
absorption tests, if a difference appears in the infrared spectra of 
the analytc and the standard, dissolve equal portions of the test 
substance and the standard in equal volumes of a suitable solvent, 
evaporate the solutions to dryness in similar containers under iden- 
tical conditions, and repeat the test on the residues. 

In near-infrared spectroscopy much of the current interest centers 
around the ease of analysis. Samples can be analyzed in powder 
form or by means of reflectance techniques, with little or no prep- 
aration. Compliance with in-house specifications can be determined 
by computerized comparison of spectra with spectra previously ob- 
tained from reference materials. Many pharmaceutical materials ex- 
hibit low absorptivity in this spectral region, which allows incident 
near-infrared radiation to penetrate samples more deeply than ultra- 
violet visible, or infrared radiation. Near-infrared spectrophotom- 
etry may be used to observe matrix modifications and, with proper 
calibration, may be used in quantitative analysis. 

In atomic absorption spectrophotometry, the nature of the solvent 
and the concentration of solids must be given special consideration. 
An ideal solvent is one that interferes to a mnrimal extent in the 
absorption or emission processes and one that produces neutral at- 
oms in the flame. If there is a significant difference between the 
surface tension or viscosity of the test solution and standard solu- 
tion, the solutions are aspirated or aiomued at a different rate, caus- 
ing significant differences in the signals generated. The add con- 


centration of the solutions also affects the absorption processes. 
Thus, the solvents used in preparing the test specimen and the stan- 
dard should be the same or as much alike in these respects as pos- 
sible, and should yield solutions that are easily aspirated via the 
specimen tube of the burner-aspiraior. Since undissolved solids 
present in the solutions may give rise to matrix or bulk interfer- 
ences, the total undissolved solids content in all solutions should 
be kept below 2% wherever possible. 

Calculations— The application of absorption spectrophotometry 
in an assay or a test generally requires the use of a Reference Stan- 
dard. Where such a measurement is specified in an assay, a formula 
is provided in order to permit calculation of the desired result. A 
numerical constant is frequently included in the formula. The fol- 
lowing derivation is provided to introduce a logical approach to the 
deduction of the constants appearing in formulas in the assays in 
many monographs. 

The Beer's law relationship is valid for the solutions of both the 
Reference Standard (5) and the test specimen (U); 

(1) A s = abC s 

(2) A v « abC v 

in which A f is the absorbancc of die Standard solution of concen- 
tration C s , and Ay is the absorbancc of the test specimen solution 
of concentration If C s and C v arc expressed in the same units 
and the absorbances of both solutions are measured in matching 
cells having the same dimensions, the absorptivity, a, and the cell 
thickness, b, arc the same: consequently, the two equations may be 
combined and rewritten to solve for 

(3) C^CMv'As). 

Quantities of solid test specimens to be taken for analysis are gen- 
erally specified in mg. Instructions for dilution arc given rn the 
assay and, since dilute solutions are used for absorbancc measure- 
ments, concentrations are usually expressed for convenience in units 
of p.g per mL. Taking a quantity, in mg, of a test specimen of a 
drug substance or solid dosage form for analysis, it therefore fol- 
lows that a volume (V\,), in liters, of solution of concentration C u 
may be prepared from the amount of test specimen that contains a 
quantity in mg, of the drug substance [Note — C v is numeri- 
cally the same whether expressed « \ig per mL or mg per liter], 
such that: 

(4) Wv^VvCv 

The form in which the formula appears in the assay in a monograph 
for a solid article may be derived by substituting C v of equation 
(3) into equation (4): 

(5) W„ - VjCM*/^- 

In summary, the use of equation (4), with due consideration for any 
unit conversions necessary to achieve equality in equation (5), per- 
mits the calculation of the constant factor (VJ occurring in the final 
formula. 

The same derivation is applicable to formulas that appear in mon- 
ographs for liquid articles that are assayed by absorption spectro- 
photometry. For liquid dosage forms, results of calculations are gen- 
erally expressed in terms of the quantity, in mg, of drug substance 
in each mL of the article. Thus it is necessary to include in the 
denominator an additional term, the volume (V), in mL, of the test 
preparation taken. 

Spectrophotometry in the Visible Region— Assays in the visible 
region usually call for comparing concomiiantly the absorbancc pro- 
duced by the Assay preparation with that produced by a Standard 
preparation containing approximately an equal quantity of a USP 
Reference Standard. In some situations, ft is permissible to omit the 
use of a Reference Standard. This is true where spectrophotometric 
assays are made with routine frequency, and where a suitable stan- 
dard curve is available, prepared with the respective USP Reference 
Standard, and where the substance assayed conforms to Beer's law 
within the range of about 75% to 125% of the final concentration 
used in the assay. Under these crrcumsiances, the absorbancc found 
in the assay may be interpolated on the standard curve, and the 
assay result calculated therefrom. 
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Such standard curves should be confirmed frequently, and always 
when b new spectrophotometer or new lots of reagents are put into 
use. 

In spectrophotometry assays that direct the preparation and use 
of a standard curve, it is permissible and preferable, when the assay 
is employed infrequently, not to use die standard curve but to make 
the comparison directly against a quantity of the Reference Standard 
approximately equal to that taken of the specimen, and similarly 
treated 

NOTE — See Calculations under Spectrophotometry. 

Visual Comparison — Where a color or a turbidity comparison 
is directed* color-comparison tubes that are matched as closely as 
possible in internal diameter and in all other respects should be 
used. For color comparison, the tubes should be viewed downward, 
against a white background, with the aid of a light source directed 
from beneath the bottoms of the tubes, while for turbidity compar- 
ison the tubes should be viewed horizontally, against a dark back- 
ground, with the aid of a light source directed from the sides of the 
tubes. 

In conducting limit tests that involve a comparison of colors in 
two like containers (e.g., matched color-comparison tubes), a suit- 
able instrument, rather than the unaided eye, may be used. 

Fluorescence Spectropkotometry-^The measurement of fluores- 
cence is a useful analytical technique. Fluorescence is light emitted 
from a substance in an excited state that has been reached by the 
absorption of radiant energy. A substance is said to be fluorescent 
if it can be made to fluoresce. Many compounds can be assayed by 
procedures utilizing either their inherent fluorescence or che fluo- 
rescence of suitable derivatives. 

Test specimens prepared for fluorescence spectrophotometry are 
usually onc«Ecntn to one-hundredth as concentrated as those used in 
absorption spectrophotometry, for the following reason. Jn analyt- 
ical applications, it is preferable that the fluorescence signal be lin- 
early related to the concentration; but if a test specimen is too con- 
centrated, a significant part of the incoming light is absorbed by the 
specimen near the cell surface, and die light reaching die center is 
reduced. That is, the specimen itself acts as an * inner filter." How- 
ever, fluorescence spectrophotometry is inherently a highly sensitive 
technique, and concentrations of 10~ 3 M to 10~ 7 M frequently arc 
used. It is necessary in any analytical procedure to make a working 
curve of fluorescence intensity versus concentration in order to es- 
tablish a linear relationship. All readings should be corrected for a 
solvent blank 

Fluorescence measurements are sensitive to the presence of dust 
and other solid particles In the test specimen. Such impurities may 
reduce the intensity of the exciting beam or give misleading high 
. readings because of multiple reflections in the specimen celL It is, 
therefore, wise to eliminate solid particles by centrifugation; filtra- 
tion also may be used, but some filter papers contain fluorescent 
impurities. 

\ Temperature regulation is often important in fluorescence spec- 
trophotometry. For some substances, fluorescence efficiency may 
be reduced by as much as 1% to 2% per degree of temperature rise. 
In such cases, if maximum precision is desired, temperature-con- 
trolled specimen cells are useful. For routine analysis, it may be 
sufficient to make measurements rapidly enough so that the speci- 
men does not heat up appreciably from exposure to the intense light 
source. Many fluorescent compounds are light-sensitive. Exposed 
in a fluorometer, they may be photo-degraded into more or less 
fluorescent products. Such effects may be detected by observing the 
detector response in relationship to time, and may be reduced by 
attenuating the light source with filters or screens. 

Change of solvent may markedly affect the intensity and spectral 
.distribution of fluorescence. It is inadvisable, therefore, to alter the 
solvent specified in established methods without careful preliminary 
investigation. Many compounds are fluorescent in organic solvents 
.but virtually nonfluorcscem in water; thus, a number of .solvents 
.should be tried before it is decided whether or not a compound is 
fluorescent. In many organic solvents, the intensity of fluorescence 
k increased by elimination of dissolved oxygen, which has a strong 
quenching effect Oxygen may be removed by bubbling an inert gas 
•such as nitrogen or helium through the test specimen. 
. A semiquantitative measure of the strength of fluorescence is 
Sjven by the ratio of the fluorescence intensity of a test specimen 
*ftd that of a standard obLained with the same instrumental sctdngs. 
-•frequently, a solution of stated concentration of quinine in 0.1 N 


sulfuric acid or fluorescein in 0.1 N sodium hydroxide is used as a 
reference standard. 

Ughr-scattering, Turbidfmetry, Nepkclomctry* and Ratio TurbU 
^cmerry^-Turbidity can be measured with a standard photoelectric 
filter photometer or spectrophotometer, preferably with illumination 
in the blue portion of the spectrum. Nephelometric measurements 
require an instrument with a photocell placed so as to receive scat- 
tered rather than transmitted light; this geometry applies also to 
fiuorometers, so that, in general, fluoromecers can be used as ncph- 
elometers, by proper selection of filters. A ratio turbidimeter com- 
bines the technology of 90* nephelometry and turbidfmetry: It con- 
tains photocells that receive and measure scattered light at a 90* 
angle from die sample as well as receiving and measuring the for- 
ward scatter in front of the sample; it also measures light transmit- 
ted directly through the sample. linearity is attained by calculating 
the ratio of the 90° angle scattered light measurement to the sum 
of the forward scattered light measurement and the transmitted light 
measurement. The benefit of using a ratio turbidzmetry system is 
that the measurement of stray light becomes negligible. 

In practice, it is advisable to ensure that settling of the panicles 
being measured is negligible. This is usually accomplished by in- 
cluding a protective colloid in the liquid suspending medium. It is 
important that results be interpreted by comparison of readings with 
those representing known concentrations of suspended matter, pro- 
duced under precisely the same conditions. 

Turbidimetry or nephelometry may be useful for the measure- 
ment of precipitates formed by the interaction of highly dilute so- 
lutions of reagents, or other paniculate matter, such as suspensions 
of bacterial cells. In order that consistent results may be achieved, 
all variables must be carefully controlled. Where such control is 
possible, extremely dilute suspensions may be measured. 

Light-scattering — The specimen solute is dissolved in the sol- 
vent at several different accurately known concentrations, the choice 
of concentrations being dependent on the molecular weight of the 
solute and ranging from 1% for M w = 10,000 to 0.01% forM w = 
1,000.000. Each solution must be very carefully cleaned before 
measurement by repeated filtration through fine filters. A dust par- 
ticle in the solution vitiates the intensity of the scattered light mea- 
sured. A criterion for a clear solution is that the dissymmetry. 45°/ 
135° scattered intensity ratio, has attained a minimum. 

The turbidity and refractive index of the solutions are measured. 
From the general 90° light-scattering equation, a plot of HCH versus 
C is made and extrapolated to infinite dilution, and the weight- 
average molecular weight, Af, is calculated from the intercept, 1/Af. 
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The gauge for determining the diameter of sutures Is of the dead- 
weight type, mechanical or electrical, and equipped with a direct- 
reading dial, a digital readout, or a printed readout. Use a gauge 
graduated to 0.002 mm or smaller. The anvil of the gauge is about 
50 mm in diameter, and the pressor foot is 12.70 ± 0.02 mm in 
diameter. The presser foot and moving parts connected therewith 
are weighted so as to apply a total load of 210 ± 3 g lo the spec-' 
imen. The presser foot and anvil surfaces are plane to within 0.005 
mm and parallel to each other to within 0.005 mm. . For measuring 
the diameter of sutures of metric size 0.4 and smaller, remove the 
additional weight from the presser foot so that the total load on the 
suture docs not exceed 60 g. 

Collagen Absorbable Surgical Suture — Determine the diameter 
immediately after removal from the immediate container and with- 
out stretching. Lay the strand across the center of the anvil and 
presser foot, and gentry lower the foot until its entire weight rests 
upon the suture. Measure the diameter of each strand at three points 
corresponding roughly to one-fourth, one-half, and three-fourths of 
its length. 

Synthetic Absorbable Surgical Sutare — Proceed as directed for 
Nonabsorbable Surgical Suture. 

Nonabsorbable Surgical Suture — Lay the strand across the cen- 
ter of the anvil and presser foot, and gently lower the foot until its 
entire weight rests upon the suture. Measure nonabsorbable sutures, 
whether packaged in dry form or in fluid, immediately after removal 
from the container, without prior drying or conditioning. 
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